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Abstract 

Obese patients who often present metabolic dysfunction-associated fatty liver disease (MAFLD) are at 

risk of severe presentation of coronavirus disease 2019 (COVID-19). These patients are more likely to 

be hospitalized and receive antiviral agents and other drugs required to treat acute respiratory distress 

syndrome and systemic inflammation, combat bacterial and fungal superinfections and reverse multi-

organ failure. Among these pharmaceuticals, antiretrovirals such as lopinavir/ritonavir and remdesivir, 

antibiotics and antifungal agents can induce drug-induced liver injury (DILI), whose mechanisms are 

not always understood. In the present article, we hypothesize that obese COVID-19 patients with 

MAFLD might be at higher risk for DILI than non-infected healthy individuals or MAFLD patients. 

These patients present several concomitant factors, which individually can favour DILI: 

polypharmacy, systemic inflammation at risk of cytokine storm, fatty liver and sometimes 

nonalcoholic steatohepatitis (NASH) as well as insulin resistance and other diseases linked to obesity. 

Hence, in obese COVID-19 patients, some drugs might cause more severe (and/or more frequent) 

DILI, while others might trigger the transition of fatty liver to NASH, or worsen pre-existing steatosis, 

necroinflammation and fibrosis. We also present the main mechanisms whereby drugs can be more 

hepatotoxic in MAFLD including impaired activity of xenobiotic-metabolizing enzymes, 

mitochondrial dysfunction, altered lipid homeostasis and oxidative stress. Although comprehensive 

investigations are needed to confirm our hypothesis, we believe that the current epidemic of obesity 

and related metabolic diseases has extensively contributed to increase the number of cases of DILI in 

COVID-19 patients, which may have participated in presentation severity and death. 
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1. COVID-19, obesity and related metabolic diseases

Since late 2019, the emergence of a new coronavirus called Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS CoV-2) has become a worldwide threat for human health. This coronavirus is 

responsible for a self-limiting disease of the upper airways, called coronavirus disease 2019 (COVID-

19), which may result in intensive care unit (ICU) admission and fatalities [1]. Several studies 

suggested that obesity, hypertension and diabetes greatly increase the risk of severe and prolonged 

COVID-19 presentation [2–4]. However, it is still unclear why obesity and related metabolic disorders 

enhance COVID-19 severity. It has been postulated that the chronic pro-inflammatory state associated 

with these metabolic diseases may play a role, at least in part due to an activation of the renin-

angiotensin system [5–7]. Hence, this pre-existing pro-inflammatory background seems to favour the 

cytokine storm, which may result in the multi-organ failure observed in severe COVID-19 [8–10]. 

Importantly, metabolic dysfunction-associated fatty liver disease (MAFLD, the term now replacing 

nonalcoholic fatty liver disease or NAFLD), which is present in the majority of obese people, was also 

found to be associated with severe COVID-19 [11,12]. 

2. COVID-19, liver function tests and histology

Liver function tests (LFTs) classically include the measurement in plasma (or serum) of alanine 

and aspartate aminotransferases (ALT and AST, reflecting hepatocyte cytolysis), alkaline phosphatase 

and γ-glutamyltransferase (ALP and GGT, reflecting cholestasis) as well as bilirubin and albumin 

(reflecting alterations of specific hepatic biological functions). A prolonged prothrombin time (PT) 

can also reflect an alteration of the hepatic synthesis of different coagulation factors. Abnormal LFTs 

is observed in up to 54% of COVID-19 patients, although severe liver dysfunction seems rare and 

mostly associated with poor disease outcome [13]. The most frequent abnormal LFT in COVID-19 

patients is an elevation in ALT and AST, which is commonly mild (i.e. <5 times the upper reference 

limit) [13–15]. Patients admitted to the ICU are more likely to present high levels of ALT, AST and 

bilirubin as well as prolonged PT [1,13,15].  

Different factors seem to cause abnormal LFTs and liver dysfunction in COVID-19 patients. SARS 

CoV-2 by itself may play a role because its receptor ACE2 (angiotensin-converting enzyme 2) was 

detected in cholangiocytes and to a much lesser degree in hepatocytes, whereas SARS CoV-2 RNA 

was found in liver samples [13,14]. Hence, elevation in ALP and GGT in some COVID-19 patients 
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may reflect viral-induced cholangiocyte injury [14]. However, the direct cytopathic effects of the virus 

have been questioned by some authors [15,16]. The cytokine storm may also be involved since 

different pro-inflammatory cytokines such as tumour necrosis factor-alpha (TNF-α) can be harmful to 

the liver [13,17,18]. Prolonged hypoxia due to acute respiratory distress syndrome (ARDS), shock and 

blood hyperviscosity may play a role in critically ill patients [13,18]. The role of pre-existing liver 

disease such as MAFLD and cirrhosis should be considered in some patients [1,13,14]. Finally, drug-

induced liver injury may be involved [1,13,14,19], as discussed below in Section 4.   

Post-mortem liver histology performed in some COVID-19 patients showed different liver lesions 

including lobular focal necrosis, apoptosis, microvesicular and macrovacuolar steatosis, inflammatory 

infiltrates in the portal areas and sinusoidal dilatation [1,14–16]. However, these lesions are not 

specific and may be observed in different settings such as MAFLD, sepsis or DILI [14,16]. 

Nonetheless, the presence of microvesicular steatosis in some patients suggests severe mitochondrial 

dysfunction, which can be induced (or favoured) by numerous factors including congenital enzymatic 

deficiencies and drugs [20].   

3. Treatments in COVID-19 patients

COVID-19 patients can be treated by two types of drugs. On the first hand, various drugs with anti-

SARS CoV-2 properties are currently being tested although their clinical benefit is still uncertain, and 

sometimes controversial. The main drugs currently under investigation include lopinavir/ritonavir 

combination, remdesivir and hydroxychloroquine, which can be associated with azithromycin (Table 

1). Regarding the association of the protease inhibitors (PIs) lopinavir/ritonavir, it should be 

mentioned that the second PI is used to enhance lopinavir pharmacological effect by inhibiting 

cytochrome P450 3A4 (CYP3A4) activity [21]. Readers are invited to peruse recent reviews regarding 

the pharmacological properties of these different drugs [22–25]. These reviews also discuss the 

possible effectiveness of other drugs with anti-SARS CoV-2 effects.  

On the other hand, COVID-19 patients may receive drugs routinely used during the course of viral 

illnesses with possible onset of bacterial and fungal superinfections, ARDS, systemic inflammation 

and even multi-organ failure. These drugs include antibiotics such as macrolides (other than 

azithromycin) and beta-lactams, antifungal agents such as azole derivatives, immunomodulatory 

agents such as corticosteroids (e.g. dexamethasone, methylprednisolone) and monoclonal antibodies 

such as the anti-interleukin-6 (IL-6) receptor tocilizumab or the anti-IL-1 receptor anakinra 

[22,23,25,26]. Anticoagulant treatments, mostly heparin and low-molecular-weight heparin, the 

Jo
urn

al 
Pre-

pro
of



5 

sympathomimetic amine norepinephrine and different sedative agents (e.g. midazolam, propofol, 

fentanyl) can also be required in critically ill COVID-19 patients. Notably, although acetaminophen 

(APAP, or paracetamol) is rarely prescribed as antipyretic drug in ICU patients, this drug is frequently 

used prior to hospitalization [27]. Hence, clinicians should not overlook the possibility of major 

acetaminophen self-administration in COVID-19 patients. This analgesic and antipyretic drug will be 

discussed below.  

4. Drug-induced hepatotoxicity in COVID-19

Although liver injury is not the primary cause of death in COVID-19, elevated serum ALT and 

AST levels are often observed in hospitalized patients [1,13–15,17,18,28]. Hepatotoxicity may 

represent the first cause of liver injury [13–15,17,18,28], although it should be underlined that 

assessing DILI in a clinical setting where abnormal LFTs can be induced by pre-existing liver diseases 

and COVID-19 is a particularly difficult issue. Many drugs prescribed in these patients are potentially 

hepatotoxic. For instance, lopinavir, ritonavir, remdesivir, hydroxychloroquine, azithromycin and 

tocilizumab can induce liver injury, sometimes even severe (Table 1). Other drugs such as 

carbapenems (e.g. imipenem, meropenem), azole derivatives (e.g. ketoconazole, fluconazole), 

corticosteroids and propofol can also be hepatotoxic [29,30]. DILI and other adverse effects in 

COVID-19 patients may be precipitated by acute cardiovascular failure and kidney injury, resulting in 

drug overdose by reducing drug metabolism and elimination. Notably, acetaminophen-induced liver 

injury can be favoured by increased hepatic CYP2E1 activity [30], which is often observed in 

individuals with heavy alcohol consumption or in patients suffering from MAFLD, as discussed in 

section 7.1.  

Clearly, future investigations will be required to determine which of these drugs could be involved 

in the elevated serum aminotransferases commonly observed in COVID-19 patients. It should be 

pointed out that accountability assessment in cases with suspected DILI is mainly based on 

chronological and clinical criteria as well as the elimination of other causes of liver injury [31]. Drug 

accountability can be evaluated by different methods such as the Roussel Uclaf Causality Assessment 

Method (RUCAM) [31,32]. Of note, other methodological approaches are required for causality 

assessment of suspected DILI in patients with pre-existing nonalcoholic steatohepatitis (NASH) [33].  

5. Hypothesis: are Covid-19 patients with pre-existing MAFLD at higher risk for DILI?
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Herein, we hypothesize that obese COVID-19 patients with MAFLD may be at higher risk for 

DILI than non-infected healthy individuals or MAFLD patients. This assumption is based on the fact 

that these patients present several concomitant factors, which individually can favour DILI (Fig. 1). 

First, as previously mentioned, many drugs prescribed in COVID-19 patients are potentially harmful 

for the liver, and thus polypharmacy is expected to enhance the risk of hepatotoxicity. Noteworthy, 

numerous drug-drug interactions potentially exist with the pharmaceuticals prescribed in COVID-19 

patients, thus enhancing the risk of toxicity [34]. Second, the cytokine storm potentially associated 

with severe COVID-19 can favour DILI. It has been shown that different pro-inflammatory cytokines 

such as TNF-α, IL1-β and IL-6 can significantly enhance the hepatotoxicity potential of numerous 

drugs including antibiotics [35,36]. Third, MAFLD might even further enhance the risk of DILI. 

There are increasing clinical reports (sometimes confirmed by experimental studies) suggesting that 

some drugs can be considered as more hepatotoxic in obese patients with MAFLD, when compared 

with lean individuals [37–43].  

DILI in MAFLD seems to occur as two distinct clinical situations  [38,39,43]. First, some drugs 

such as acetaminophen and some antibiotics may cause more severe and/or more frequent acute liver 

injury (Table 2) [43–45]. Regarding, acetaminophen, it should be pointed out that its hepatotoxicity is 

mainly observed after overdose but some cases of liver injury (sometimes severe) may also occur with 

recommended therapeutic dosing [39,46,47]. Other pharmaceuticals including corticoids, 

antiretroviral agents and methotrexate seem to trigger the transition of simple fatty liver to NASH or 

worsen pre-existing steatosis, necroinflammation and fibrosis [39,48,49]. The mechanisms whereby 

some pharmaceuticals can be more hepatotoxic in MAFLD are presented in section 7. Lastly, it should 

be underlined that not all drugs may be at risk in MAFLD. For instance, statins and amiodarone-

induced hepatotoxicity does not seem to be more frequent in MAFLD patients [43]. 

6. How to test this hypothesis?

Because our hypothesis is predicting a non-established fact, cohort or registry studies are required 

in order to determine whether obese COVID-19 patients present increased risk of DILI. However, it 

should be kept in mind that hepatotoxicity is a rare event since DILI occurs at the most in about 1 per 

10,000 treated patients [43]. This clinical approach can be complemented by experimental 

investigations in appropriate experimental models of MAFLD. Recently, we set up a cellular model of 

MAFLD by using metabolically competent HepaRG cells incubated with stearic acid (100 µM) for 7 

days [50] or with a mixture of stearic and oleic acids (150 µM each) for 14 days [51–53]. These in 
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vitro models of MAFLD were characterized by reduced CY3A4 activity and increased CYP2E1 

activity, thus reproducing what has been reported in clinical studies [44,54–56], as discussed below. 

In addition, these models unveiled increased cytotoxicity of acetaminophen [50], troglitazone [52] and 

a mixture of benzo[a]pyrene and ethanol [51,53] in MAFLD cells compared with non-steatotic cells. 

Regarding acetaminophen [50], these in vitro investigations confirmed previous studies carried out in 

obese mice with MAFLD [44,45,57]. In contrast, we found that ritonavir was less cytotoxic in 

MAFLD cells compared with the non-steatotic cells [52]. Nonetheless, this cellular model of MAFLD 

is useful to determine whether drugs such as lopinavir, remdesivir, hydroxychloroquine and 

azithromycin are more toxic in this dysmetabolic state. The HepaRG cell model will also be useful to 

perform mechanistic studies in particular by investigating mitochondrial dysfunction, de novo 

lipogenesis, reactive oxygen species (ROS) overproduction and endoplasmic reticulum (ER) stress 

[51–53,58], as discussed below.  

Importantly, the above-described in vitro models of DILI using cells incubated with fatty acids 

should be refined in order to tally with the COVID-19 context. To this end, steatotic HepaRG cells 

could be cultured in the presence of SARS CoV-2-like particles. However, it should be mentioned that 

these cells express low levels of ACE2 and transmembrane serine protease 2 (TMPRSS2), which is 

also involved in the viral cellular entry [5, 13]. Hence, HepaRG cells will need to be engineered to 

stably express these proteins. It will also be important to perform HepaRG culture in the presence of 

different pro-inflammatory cytokines and low oxygen levels to mimic the cytokine storm and hypoxia, 

respectively. Although these in vitro models are difficult to set up, they may provide invaluable 

information regarding drug-induced hepatotoxicity in the setting of COVID-19.  

7. How can drugs be more hepatotoxic in MAFLD?

The mechanisms whereby drugs and xenobiotics are more hepatotoxic in MAFLD are not fully 

understood and are currently the matter of extensive in vitro and in vivo investigations due to the 

worldwide epidemic of obesity [39,40,44,51–54]. These mechanisms are currently known only for a 

few compounds [39,43]. Hence, the mechanisms of DILI in MAFLD proposed herein represent the 

state of the art.  

7.1. Acute liver injury in MAFLD 
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Some drugs may induce more severe acute liver injury in MAFLD because this disease is 

associated with altered activity of different xenobiotic-metabolizing enzymes (XMEs) including 

cytochromes P450 (CYPs) [44,54–56]. This can increase the generation of toxic metabolites, or 

conversely impair different detoxification pathways (Fig. 2) [54–56,59]. For instance, human MALFD 

is often associated with increased CYP2E1 activity and reduced CYP3A4 activity and also with 

higher glucuronide formation, at least with some drugs such as lorazepam and acetaminophen [44,54–

56]. Although acetaminophen undergoes higher glucuronide formation in MAFLD, its increased 

hepatotoxicity in this metabolic disease seems primarily linked to enhanced CYP2E1 activity, which 

generates greater hepatic amounts of the highly toxic metabolite N-acetyl-p-benzoquinone imine 

(NAPQI) [44,50,57].  

 Increased generation of toxic metabolites or higher concentrations of the parent drugs can trigger 

cell death by necrosis and apoptosis. Regardless of the involved drugs, cell death commonly involves 

mitochondrial dysfunction that causes severe impairment of oxidative phosphorylation (OXPHOS), 

ATP shortage and necrosis. Alternatively, drug-induced mitochondrial dysfunction induces the release 

of pro-apoptotic factors such as cytochrome c and apoptosis inducing factor (AIF), thus leading to 

caspase activation and apoptosis. These mitochondrial events in necrosis and apoptosis are associated 

with ROS overproduction and oxidative stress as well as ER stress (Fig. 2), which can already be 

present in MAFLD [40,60,61]. Hence, drugs can worsen pre-existing impairment of mitochondrial 

respiratory chain (MRC) and OXPHOS, ROS overproduction and different cellular stresses. Readers 

are invited to peruse previous reviews to get further information on drug-induced mitochondrial 

dysfunction and cell death [62–65].  

The mechanisms whereby MAFLD is frequently associated with CYP2E1 induction are still 

unclear. Some investigations suggest the role of insulin resistance and fatty acids such as stearic acid 

(Fig. 2) [50,66]. In keeping with the role of specific lipid derivatives and possibly free fatty acids, 

previous investigations reported that accumulation of hepatic triglycerides is not sufficient by itself to 

enhance CYP2E1 activity [57]. Interestingly, ketone bodies may also play a significant role in hepatic 

CYP2E1 induction [66]. Acetone and acetoacetate have been shown to increase CYP2E1 protein 

expression in rodent liver by reducing CYP2E1 protein degradation [66,67]. In addition, acetoacetate 

enhances translation of Cyp2e1 mRNA in the rat [67]. However, although both mitochondrial fatty 

acid oxidation (mtFAO) and ketogenesis are deemed to be enhanced in early MAFLD [60,68], 

ketogenesis per se seems to be progressively impaired during the evolution of the disease towards 

NASH [68,69]. Hence, the role of ketone bodies in CYP2E1 induction may only be transient in 

MAFLD. Finally, high blood glucose concentration may increase CYP2E1 expression in liver, even 

though conflicting results have been reported [66]. 
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Much less is known regarding the mechanisms whereby MAFLD is commonly associated with 

lower expression and activity of CYP3A4. Previous investigations in the HepaRG cell line also 

suggested the role of stearic acid [50], but it is still unknown why this long-chain saturated fatty acid 

can concomitantly decrease and increase the expression and activity of CYP3A4 and CYP2E1, 

respectively. Another study pointed to a role of the fibroblast growth factor 21-pregnane X receptor 

(PXR) pathway [70], but recent investigations showed that the nuclear receptor PXR is not involved 

in MAFLD-associated CYP3A4 downregulation [71]. 

In contrast to CYP2E1 which metabolizes only a few drugs in addition to acetaminophen [54], 

CYP3A4 plays a major role in the metabolism of numerous pharmaceuticals including ritonavir and 

other antiretroviral PIs, remdesivir, hydroxychloroquine, midazolam and other benzodiazepines, 

fentanyl and different antibiotics [21,52,72–75]. Hence, MAFLD-associated reduction in CYP3A4 

activity impairs the biotransformation of several drugs prescribed in COVID-19 patients. The risk of 

drug-induced hepatotoxicity will be enhanced or reduced depending on whether CYP3A4 is involved 

in drug detoxication or in the generation of toxic reactive metabolites (Fig. 2). For instance, 

troglitazone is suspected to have induced severe hepatotoxicity in MAFLD due to lower CYP3A4-

mediated biotransformation of this antidiabetic drug [52]. Finally, it should be pointed that numerous 

drugs such as ritonavir, different antibiotics such as macrolides and fluoroquinolones and several 

antifungal azole derivatives such as ketoconazole and itraconazole are potent CYP3A4 inhibitors 

[73,76]. Hence, these drugs could significantly reinforce MAFLD-associated impairment of CYP3A4 

activity.  

7.2. Drug-induced aggravation of MAFLD 

As previously mentioned, different drugs can aggravate pre-existing liver lesions classically 

observed in MAFLD including fatty liver, necroinflammation and fibrosis, or trigger the transition of 

simple fatty liver to NASH (Table 3) [38,39,43,48,49]. Regardless of the pathologic situation, 

previous investigations with several drugs and other xenobiotics strongly suggest a significant role of 

mitochondrial dysfunction, ROS overproduction and ER stress (Fig. 3) [38,39,43,51,53].  

Exacerbation of pre-existing fatty liver could involve mtFAO inhibition but also impairment of 

very low-density lipoprotein (VLDL) secretion and increased de novo lipogenesis (DNL), namely 

enhanced synthesis of fatty acids from carbohydrates (Fig. 3) [38–40,43].  

Many drugs can impair mtFAO by different mechanisms including direct inhibition of mtFAO 

enzymes such as carnitine palmitoyltransferase 1 (CPT1) and different acyl-CoA dehydrogenases as 
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well as direct impairment of MRC and OXPHOS [20,63,77,78]. OXPHOS can also be impaired 

indirectly by alteration of mitochondrial DNA (mtDNA) homeostasis such as inhibition of mtDNA 

replication or translation [20,77,79]. All these adverse effects are not mutually exclusive. For instance, 

some drugs such as acetaminophen, amiodarone and tamoxifen can directly inhibit both mtFAO and 

MRC [20,77,78]. In addition, acetaminophen and troglitazone can impair MRC activity directly or 

indirectly through mtDNA depletion [77,79]. Finally, it should be mentioned that drug-induced 

inhibition of mtFAO could not only worsen pre-existing steatosis but also necrosis since this 

metabolic pathway is a major source of energy in hepatocytes [77,80]. 

Impairment of VLDL secretion can be caused by direct inhibition of the activity of microsomal 

triglyceride transfer protein (MTTP, also referred to as MTP), an ER enzyme playing a key role in 

apolipoprotein B (apoB) lipidation [81]. Alternatively, drugs can impair VLDL secretion by inducing 

ER stress and subsequent degradation of mRNAs of key proteins involved in VLDL assembly 

including MTTP, apoB and apoC3 [58]. Of note, ER stress can be induced by numerous 

pharmaceuticals such as PIs (e.g. ritonavir, lopinavir, indinavir) and other antiretroviral agents, 

acetaminophen and several nonsteroidal anti-inflammatory drugs (NSAIDs) including diclofenac and 

indomethacin [58,82].  

Drug-induced enhanced hepatic DNL has been reported (or greatly suspected) with different drugs 

such as antiretroviral agents, amiodarone, benzbromarone, corticosteroids, indomethacin, 

rosiglitazone, sulindac and tetracyclines [39,43,58]. For some of these drugs (e.g. amiodarone, 

rosiglitazone), mechanistic studies suggested an activation of lipogenic transcription factors such as 

peroxisome proliferator activated receptor gamma (PPARγ) and sterol regulatory element binding 

protein-1c (SREBP1c) [39,43,58]. With other drugs (e.g. antiretroviral agents, corticosteroids) 

activation of DNL could be secondary to insulin resistance and concomitant hyperinsulinemia, which 

in turn activates SREBP1c in the liver [38,43,80]. 

Much less is known regarding the mechanisms whereby drugs can exacerbate pre-existing 

inflammation and fibrosis. Previous data with some drugs and other xenobiotics suggested an 

important role of ROS overproduction and subsequent oxidative stress, which in turn can favour the 

production of pro-inflammatory cytokines (e.g. TNF-α, IL1-β, IL-6) and transforming growth factor-β 

(TGF-β), a key pro-fibrotic cytokine (Fig. 3) [38–40,83]. In the setting of drug-induced toxicity and 

MAFLD, ROS overproduction can be secondary to the dysfunctional mitochondria, which can 

produce large amounts of superoxide anion at the level of MRC complexes I and III [40,60,80]. 

Alternatively, ROS overproduction can be caused by CYP2E1 induction because this enzyme can 

produce superoxide anion and hydrogen peroxide during its catalytic cycle [54,84]. Finally, because 
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CYP2E1 is located in the ER but also in mitochondria, ROS overproduction in these organelles can be 

secondary to MRC impairment and increased mitochondrial CYP2E1 expression [54,84,85]. 

8. Concluding remarks

Hospitalized COVID-19 patients are often polymedicated, which can greatly increase the risk of drug-

drug interactions and drug-induced adverse events. Comorbidities such as obesity, MAFLD and 

diabetes may additionally enhance the risk of hepatotoxicity. Even though liver injury is not the 

primary cause of death in COVID-19 patients, hepatic dysfunction could undoubtedly worsen the 

patient’s condition, for instance by reducing the synthesis of coagulation proteins including factors II, 

V, VII, X, and fibrinogen [86]. However, it should be emphasized that severe liver disease with 

impaired coagulation factor synthesis is rare in the setting of COVID-19, which actually is mostly 

associated with mild-to-moderate elevation of ALT and AST [13–15].  

Because a vaccine against SARS CoV-2 has not been marketed yet, antiviral drugs will still be 

administered to COVID-19 patients in the next few months. Thus, it would be important to identify 

drugs responsible for a specific increased risk of liver injury in COVID-19 patients, especially in 

those with obesity and related metabolic diseases. To this end, well-designed prospective clinical 

investigations should show that LFTs are normal in COVID-19 patients before their hospitalization in 

order to demonstrate that hepatic dysfunction occurring after admission is induced by the virus or 

triggered by drugs and not related to any significant pre-existing liver disease. Experimental 

investigations will also be required to confirm that MAFLD can significantly enhance the risk of drug-

induced hepatotoxicity and investigate the involved mechanisms. Although rodent models of obesity 

and MAFLD can be used to reach these aims [43], lipid-laden hepatocytes can be more useful for 

preliminary drug screening [52,87]. However, these in vitro models should evolve towards more 

complex experimental systems with steatotic cells cultured not only with drugs but also in the 

presence of SARS CoV-2-like particles, pro-inflammatory cytokines and hypoxia. All these 

comprehensive scientific investigations should allow to refute or confirm the hypothesis that obese 

COVID-19 patients with pre-existing MAFLD might be at higher risk for DILI than non-infected 

healthy individuals or MAFLD patients. Nevertheless, regardless of the results, data from such 

clinical and experimental studies will undoubtedly benefit to COVID-19 patients but also to the 

scientific community. Finally, beyond the COVID-19 crisis, the worldwide epidemic of obesity is 

expected to increase the number of cases of DILI and possibly other drug-related adverse events.  
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Table 1 

Liver toxicity of the main drugs with anti-SARS-CoV-2 properties and/or anti-inflammatory effects 
currently tested in COVID-19 patients                                

Drugs Pharmacological 
class 

Hepatotoxicity Mechanisms of 
hepatotoxicity 

Lopinavir / ritonavir  Antiretroviral protease 
inhibitors (PIs)  
 

 

Ritonavir can induce mild to 
moderate (<6N) elevation in 
aminotransferases in ~44% of 
patients. Mostly presence of 
cytolysis but cholestasis, steatosis 
and fibrosis can also be present. 
 
Lopinavir seems less hepatotoxic 
than ritonavir.  
 
References: [29,30,88,98] 

Mechanisms of PI-induced 
hepatic toxicity seem to be 
multiple with involvement of 
mitochondrial dysfunction, 
oxidative stress and endoplasmic 
reticulum stress. 
 
PIs could also be hepatotoxic via 
indirect mechanisms, in particular 
by inducing lipodystrophy and 
insulin resistance. 
 
References: [62,80,82,89]  
 

Remdesivir Antiviral nucleoside 
analogue  

Mild to moderate (<6N) elevation 
in aminotransferases in ~22% of 
patients. 
 
Reference: [28,99]  
 

Currently unknown.  

Hydroxychloroquine  Antimalarial agent with 
antiviral, anti-
inflammatory and 
immune-regulatory 
effects 

Mild to moderate (<6N) elevation 
in aminotransferases in ~11% of 
patients. Rare occurrence of acute 
liver injury, sometimes with 
jaundice. 
 
References: [29,30,90,98]  
 

Possible role of oxidative stress 
and lipid peroxidation. Possible 
role of lysosomal membrane 
permeabilization and release of 
cathepsin, thus activating the pro-
apoptotic protein Bax. Hence, 
Bax-induced mitochondrial 
membrane permeabilization may 
occur secondary to lysosomal 
destabilization. 
 
References: [62,91,92] 
 

Azithromycin  Macrolide antibiotic 
with antiviral 
properties. Possible 
synergistic antiviral 
effect in association 
with 
hydroxychloroquine  
 
 

Mild to moderate (<6N) elevation 
in aminotransferases in ~40% of 
patients. Rare cases of severe 
hepatotoxicity with hepatocellular 
injury and jaundice or with 
chronic cholestatic liver failure. 
 
References: [29,30,93,98] 
 

Possible role of mitochondrial 
dysfunction and oxidative stress. 
Cholestasis is not related to the 
inhibition of liver canalicular bile 
salt export pump (BSEP).  
 
References: [94–97]  
  

Tocilizumab Interleukin-6 (IL-6) 
receptor antagonist 
(monoclonal antibody)  

Elevation in aminotransferases 
and acute liver injury, sometimes 
severe. 
 
Reference: [100]  
 

Currently unknown.  
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Table 2  

Examples of drugs shown (or suspected) to induce more frequent and/or more severe acute 

hepatitis in the context of obesity and metabolic dysfunction-associated fatty liver disease 

(MAFLD). Further information is provided in previous articles [37–43].   

Drug Therapeutic class 

 

Acetaminophen (APAP) 

Fosinopril 

Halothane 

Haloperidol 

Isoflurane 

Losartan 

Omeprazole 

Piperacillin-Tazobactam 

Sorafenib 

Telithromycin 

Ticlopidine 

Troglitazone  

 

 

Analgesic, antipyretic   

Antihypertensive 

Volatile anesthetic 

Antipsychotic 

Volatile anesthetic 

Antihypertensive  

Proton pump inhibitor 

Antibiotic 

Anticancer 

Antibiotic 

Inhibitor of platelet aggregation 

Antidiabetic (PPARγ1 agonist) 

 

1Abbreviation: PPARγ, peroxisome proliferator activated receptor gamma 
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Table 3  

Example of drugs shown (or suspected) to aggravate pre-existing metabolic dysfunction-associated 

fatty liver disease (MAFLD), or to favor the transition of pre-existing fatty liver to nonalcoholic 

steatohepatitis (NASH). Further information is provided in previous articles [38–43].  

Drug Therapeutic class 

 

Androgenic steroids  

Benzbromarone 

Corticosteroids 

Irinotecan 

Methotrexate 

NRTIs1 (e.g. stavudine, didanosine) 

Pentoxifylline 

Phenobarbital 

Protease inhibitors (e.g. lopinavir, ritonavir) 

Raloxifene  

Rosiglitazone 

Tamoxifen 

Tetracycline 

 

 

Anabolic  

Uricosuric  

Anti-inflammatory 

Anticancer 

Immunosuppressant, antimetabolite 

Antiretroviral  

Hemorrheologic agent, anti-TNF-α1 

Antiepileptic  

Antiretroviral 

Anti-osteoporotic  

Antidiabetic (PPARγ1 agonist) 

Anticancer 

Antibiotic 

 

1Abbreviations: NRTI, nucleoside reverse transcriptase inhibitor; PPARγ, peroxisome proliferator 

activated receptor gamma; TNF-α, tumour necrosis factor-alpha 
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Legends of figures 

 

Figure 1. 

According to our hypothesis, obese COVID-19 patients with metabolic dysfunction-associated fatty 

liver disease (MAFLD) may be at higher risk for drug-induced liver injury (DILI) than non-infected 

healthy individuals or MAFLD patients. This higher risk may be secondary to different factors 

including multiple drug administration (i.e. polypharmacy) to treat COVID-19, pre-existing fatty liver 

and possibly non-alcoholic steatohepatitis (NASH), altered activity of cytochromes P450 and other 

xenobiotic-metabolizing enzymes secondary to MAFLD and insulin resistance (as illustrated in Fig. 2) 

and the cytokine storm reflecting severe systemic inflammation.  

 

Figure 2. 

Some drugs can cause more severe (and/or more frequent) acute liver injury in individuals with 

metabolic dysfunction-associated fatty liver disease (MAFLD), which is often associated with obesity 

and insulin resistance. Such enhanced risk in MAFLD is in relation to altered activity of cytochromes 

P450 (CYPs) and other xenobiotic-metabolizing enzymes (XMEs), which can increase the generation 

of toxic metabolites, or conversely impair detoxification pathways. In turn, higher hepatic 

concentrations of toxic metabolites or of the parent drugs can induce more severe acute liver injury 

through mitochondrial dysfunction, oxidative stress and endoplasmic reticulum (ER) stress, which can 

already be present in MAFLD. All these deleterious events may lead to hepatocyte necrosis or 

apoptosis (not shown). It is still unclear why MAFLD is associated with impaired activity of CYPs 

and other XMEs. Insulin resistance may play a role directly, or indirectly via hyperinsulinemia, 

increased free fatty acids and hyperketonemia. These events may directly affect XMEs or impair the 

expression and activity of nuclear receptors regulating XME transcription.  

 

Figure 3. 

In patients with metabolic dysfunction-associated fatty liver disease (MAFLD), some drugs can 

worsen pre-existing fatty liver, necroinflammation and fibrosis (situation �), or induce a faster 

progression of simple fatty liver to nonalcoholic steatohepatitis (NASH) (situation �). Aggravation of 

pre-existing fatty liver can be secondary to drug-induced inhibition of mitochondrial fatty acid 

oxidation (mtFAO) and to impairment of very low-density lipoprotein (VLDL) secretion. Drugs can 

also enhance de novo lipogenesis either directly by activating different lipogenic nuclear receptors 
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(not shown), or indirectly via insulin resistance and associated hyperinsulinemia. Oxidative stress and 

secondary overproduction of pro-inflammatory cytokines (e.g. TNF-α) and profibrotic cytokines (e.g. 

TGF-β) seem to play a role in the worsening of pre-existing inflammation and fibrosis, or in the faster 

progression of fatty liver to NASH. Oxidative stress and increased production of deleterious cytokines 

are secondary to reactive oxygen species (ROS), that are generated in excess via drug-induced 

impairment of mitochondrial respiratory chain (MRC) activity. In MAFLD, ROS overproduction can 

also be due to the induction of cytochrome P450 2E1.   
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Risk of DILI 

Healthy individuals Patients with MAFLD
COVID-19 patients 

with MAFLD

���� Normal liver function

���� Absence of systemic inflammation 

���� Absence of metabolic disturbances

���� Occasional treatments for pain, 

fever, infections or other diseases  

���� Fatty liver and possible NASH

���� Mild to moderate systemic 

inflammation 

���� Insulin resistance and diseases 

linked to obesity

���� Possible drug prescription for 

obesity and associated diseases 

Figure 1

���� Fatty liver and possible NASH

���� Severe systemic inflammation 

with cytokine storm  

���� Insulin resistance and diseases 

linked to obesity

���� Polypharmacy for COVID-19 

treatment    
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More severe acute  liver injury

� Toxic 

metabolites

Impaired activity of CYPs and other XMEs
(e.g. ���� CYP2E1 and ���� CYP3A4)

MAFLD

Drugs
���� Non-toxic 

metabolites
Drugs

or

Insulin resistance

Altered nuclear receptor

expression and activity? 

Direct effects on XME 

expression and activity?     

Mitochondrial dysfunction

Oxidative and ER stress  

Figure 2

���� Insulinemia 

���� Free fatty acids

���� Ketone bodies
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���� Lipids

���� ROS

���� Aggravation of 

pre-existing fatty liver 

���� Progression of 

fatty liver to NASH

���� VLDL secretion

� Insulin 

resistance

���� mtFAO ���� MRC activityDrugs

� De novo 

lipogenesis

� Oxidative stress and 

cytokines (TNF-αααα, TGF-ββββ) 

Figure 3

���� Worsening of pre-existing 

inflammation and fibrosis 
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Ferron et al. Treatments in Covid-19 patients with pre-existing metabolic dysfunction-
associated fatty liver disease: a potential threat for drug-induced liver injury?  

 

Highlights  

 

� Obesity and fatty liver (MAFLD) enhance the risk of severe presentation of COVID-19 

 

���� Hospitalized COVID-19 patients may be treated with drugs at risk of liver toxicity 

 

���� Obese COVID-19 patients with MAFLD may be at high risk of drug-induced hepatotoxicity 

 

���� Increased hepatotoxicity is due to concomitant underlying risk factors of liver injury   

 

���� Risk factors include obesity, MAFLD, polypharmacy, severe inflammation and hypoxemia  
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